The aldosterone-to-renin ratio (ARR) is a widely used screening test for prinnary aldosteronism. Current guidelines recommend a cut-off value of 91 pmol/mU. Studies on its sensitivity, specificity, reproducibility and the role of medication have been conflicting. We prospectively assessed the test characteristics of the ARR and the effect of combination antihypertensive treatment
INTRODUCTION

S
ince the introduction of the aldosterone-to-renin ratio (ARR) [1] , the diagnosis of primary aldosteronism has increased dramatically [2] . Primary aldosteronism is now considered to be the most prevalent cause of secondary hypertension with reported prevalences between 3-2 and 20% [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The Endocrine Society recommends screening of patients with Joint National Commission stage 2, stage 3 or resistant hypertension, hypertension and spontaneous or diuretic-induced hypokalemia, hypertension with an adrenal incidentalonia, or hypertension and a family history of early-onset hypertension, stroke at a young age or a first-degree relative with primaiy aldosteronism [16] . The ARR is the screening test of choice with a recommended cut-off value of 91pniol/mU [16] . However, the diagnostic workup for primary aldosteronism remains a challenge and several factors are known to influence the A1<R, including posture [17] , time of blood sampling [17, 18] , age [19, 20] , salt intake [20, 21] , presence of hypokalemia [22] , sex [23] and use of contraceptives [23] [24] [25] , NSAIDs [26] and certain selective serotonin reuptake inhibitors [27] .
Antihypertensive treatment is a major consideration when interpreting the ARR and many antihypertensive di-ugs are known to affect the AW^ [28] , It is generally accepted that |3-adrenergic receptor biocking agents and centrally acting antihypertensives, related to their renin suppressive effect, can lead to falsely elevated ARR levels [28] [29] [30] [31] . In contrast, angiotensin-converting enzyme inhibitors (ACE-Is) and angiotensin II type 1 receptor blockers (ARBs) lead to a decrease in ARR [28, 30] . Diuretics, including potassium-sparing, are also thought to lower the ARR [16, 31, 32] , alüiough we recently obsen/ed a small and borderline significant increase in Alü^ in patients with essential hypertension treated with eplerenone [33] . The current guidelines recommend to assess the ARR under an a-adrenergic-receptor blocker, hydralazine and/or a calcium channel blocker (CCB), preferably of the nondihydropyridine subclass, as these daigs have little or no effect on the ARR [16] . The role of dihydropyridine CCBs is unclear. In theoiy, these agents cause a decrease in ARR via an increase in renin levels through reflex sympathetic mechanisms and a decrease in aldosterone levels through inhibition of calcium-dependent adrenal aldosterone production [28, 34] . These effects are probably negligible under stable treatment and, in support of this, no effect of dihydropyridine CCBs on the AI^R was found in a cross-sectional study [30] . Despite the known effects of individual antihypertensives on the ARR, their clinical relevance when used in combination treatment is less clear and whether patients on combination treatment should be switched to a standardized regime before assessment of the ARR has been debated [35] . Gallay et al. [35] conduded that the ARR remains a valid screening test when antihypertensive medications are continued, but their study design did not allow for a proper assessment of sensitivity and specificity. Another study showed that in patients on combination treatment, it is mainly p-adrenergic receptor biocking agents, ACE-Is and ARBs that affect the ARR [30] . A different cut-off value for the ARR may be needed when taken under antihypertensive treatment [36] .
Although the ARR is widely used, studies on its sensitivity and specificity have been inconsistent. Sensitivities from 66 to 100% and specificities from 61 to 100%o have been reported [11, [37] [38] [39] [40] [41] [42] [43] . These wide ranges can be explained by differences in cut-off values, laboratory assays, study population and sampling conditions. Furthermore, many studies have methodological limitations [44] . In addition to a high sensititivity and specificity, a screening test should be reproducible. Unfortunately, there is a wide spontaneous variation in plasma renin concentration (PRC) and plasma aldosterone concentration (PAC), even in patients with primary aldosteronism [451. This may imply that a single ARR is inadequate to confirm or exclude the diagnosis of primary aldo.steronism [45] .
Our aim was to assess the test characteristics of the ARR in patients with difficult-to-control hypertension and to evaluate whether combination antihypertensive treatment affects the Al^^ to a degree that a change in medication is warranted.
IVIATERIALS AND METHODS
Patients
In this multicentre study, patients aged 18-65 years with an office SBP above 140 mmHg and/or DBP above 90 mmHg despite the use of at least two antihypertensive dnjgs were invited to participate. Patients were excluded if a known cause of hypertension was present, if they suffered from cardiogenic chest pain or heart failure and in case of a cerebrovascular or cardiovascular event within 6 months before study entry or pregnancy.
Design
[3-adrenergic receptor biocking agents and potassiumsparing diuretics were discontinued at least 4 weeks before start of the study protocol. All other antihypertensive agents were continued. When hypokalaemia was present, oral potassium replacement was started. PRC and PAC were assessed twice within an interval of 2-4 weeks. At the second visit, all patients also underwent an intravenous salt loading test (SLT) consisting of an infusion of 21 of NaCI 0.9% in 4h. Patients with a postinfusion PAC exceeding 235 pmol/1 were considered to have primary aldosteronism [46] . Subsequently, the random antihypertensive medication regime was replaced by a standardized medication regime consisting of a combination of a CCB (in most cases amiodipine 5 or 10 mg q.d.) and doxazosin 4 or 8 mg q.d., depending on BP levels. After 4 to 6 weeks on this combination of drags, PRC and PAC measurements were repeated. Patients with a positive SLT underwent a computed tomography (CT) scan of the adrenals to screen for the presence of an aldosterone-producing adenoma (APA).
The study was approved by the Institutional Review Board and Ethical Committee of the Erasmus MC in Rotterdam and has been registered at www.clinicaltrials. gov (ClinicalTrials.gov Identifier: NCT00407784). All patients gave written informed consent to participate.
Clinical and biochemical measurements
At baseline, clinical data, height and weight, and number and types of antihypertensive drugs were recorded. Patients were screened for the presence of left ventricular hypertrophy (LVH) using a standard 12-lead ECG on the basis of the Sokolow-Lyon criteria [47] . Blood pressure (BP) was measured at all visits as three subsequent measurements after at least 5 min in a sitting position with a validated automatic BP measurement device. The mean value of the last two readings was used for the analysis.
At all visits, serum sodium, potassium, urea and creatinine levels were mea,sured using locally available routine laboratory techniques. In addition, 24-h urinary samples were collected for determination of sodium, potassium and creatinine excretion. PRC and PAC were determined by collecting blood samples in EDTA plasma by venipunch-ire between 0800 and 1000 h after 10 min in sitting position. The samples were centrifuged at room temperature for 10 min at 3000g. The plasma was then collected and stored at -20°C until analysis. PAC was measured with a radioimmunoassay (Coat-a-Count; Diagnostics Product Corporation, Los Angeles, Califoi-nia, USA). This assay has a detection limit of 30.5 pmol/1 (llpg/ml) and a coëfficiënt of variance of 8.4%). PRC was assessed using an immunoradiometric assay (Renin III; Cisbio, Gif-sur-Yvette, France) with a detection limit of 2.02 mU/1 and a coëfficiënt of variance of 7.2%o. All PAC and PRC
Statistical analysis
Values are expressed as meaniSD, or as median and interquartile range CIQR) when not normally distributed. Categorical values are reported as percentages.
Medication use was quantified by adding up the total number of different antihypertensive drags, as well as by assessing the defined daily dose (DDD) per drag and for total drag use according to the WHO Anatomical Therapeutic Chemical (ATC) index [48] . Antihypertensive agents were grouped in the following categories: diuretics, renin-angiotensin-system (RAS) blockers (i.e. ACE-Is, ARBs and renin inhibitors), CCBs, |3-adrenergic receptor biocking agents, adrenergic-receptor blockers and other antihypertensive drtigs.
Differences between two groups were tested with the Saident's t-test or the Wilcoxon-signed rank test when not normally distributed. Sensitivity and 1-specificity for different cut-off values of the ARR were plotted in receiver operating characteristic (ROC) cui'ves. Areas under the cui-ve (AUC) were compared using a nonparametric approach [49] . The optimal cut-off point was assessed using Youden's J statistic and by identifying the cut-off value at which 95% sensitivity was reached.
To evaluate the reproducibility of the AER, the values of the first two visits were subjected to natural logarithmic transformation (LnARRl and LnARR2). The differences between LnAl^ll and LnARI?2 were plotted against the mean of these values in Bland-Altman plots. The 95% limits of agreement of these differences were calculated and expressed as the ratio between Alü^l and ARR2 by reversing the Ln-transformation.
The effect of individual medication groups on the ARI^ was assessed in a multivariate linear regression model with the relative change in ARR after medication change from random medication to standard medication as a dependent variable after natural logarithmic transformation [(Ln(ARl-lsM/Aiy.^RM)]. The main classes of antihypertensive medication, the presence or alosence of primaiy aldosteronism, age and sex were included as covariates.
Analyses were performed in SPSS Statistics 20 for MacOS X (IBM, Armonk, New York, USA) and Graphpad Prism 5.02 for Windows (GraphPad Software Inc., La JoUa, California, USA). ROC curve analyses were performed in MedCalc 12.3.0.0 for Windows (MedCalc Software, Mariakerke, Belgium).
RESULTS
Patients
A total number of 186 patients were included in the study. Six patients were excluded from the analysis because their |3-adrenergic receptor biocking agent or potassium-sparing diuretic was not stopped after inclusion. Two patients were lost to follow-up before an SLT could be performed. In total, data of 178 patients from 13 hospitals were available for analysis. Of these patients, 27 had a positive SLT (PA) and 151 had a negative SLT (essential hypertension). This resulted in a 15.2%o prevalence of primary aldosteronism in our population. Thirteen of the 27 patients with primaiy aldosteronism had evidence of an adrenal adenoma on the CT scan. Table 1 shows the baseline characteristics of patients with essential hypertension and primary aldosteronism. SBP and DBP were similar in both patiënt groups, as was the median number of antihypertensive drags. Medication use expressed in DDD tended to be lower in patients with primary aldosteronism (P= 0.084). The most frequently used treatment combinations were diuretics, RAS blockers and CCBs (40%), diuretics and RAS blockers (14%), RAS blockers and CCBs (13%), and diuretics, RAS blockers, CCBs and adrenergic-receptor blockers (12%).
There were no differences in age, sex, BMI and percentage of diabetic individuals between essential hypertensive and primary aldosteronism groups. Also, the proportion of patients with previous cardiovascular complications was similar, but the albumin-to-creatinine ratio was higher in patients widi primary aldosteronism (2.09 vs. 1.19mg/mmol, P=0.035). Patients with primaiy aldosteronism had a higher serum Na^ and lower seami K"*" than patients with essential hypertension. A higher proportion of patients with primaiy aldosteronism was hypokalemic or on potassium replacement. As expected, PRC was lower, and the PAC and ARR were higher in patients with primary aldosteronism than in those with essential hypertension.
Sensitivity and specificity of the aldosteroneto-renin ratio
Median PRC was 27.2 (IQR 13.6-87.5) mU/1 in essential hypertension and l6.4 (8.6-28.6) mU/1 in primaiy aldosteronism (P= 0.003). Median PAC was 227 (158-380) pmol/1 in essential hypertension compared with 565 (371-725) pmol/1 in primary aldosteronism (P< 0.0001). As a consequence, the ARR was higher in primaiy aldosteronism than in essential hypertensive patients (35-0 versus 7.1pmol/mU, P< 0.001; Fig. 1 ). Patients with primary aldosteronism with an APA on CT scan tended to have a lower PRC and higher PAC than patients without an APA, whereas the ARR was significantly higher in patients with an APA (median ARR 53.4 versus 22.4pmol/mU, P= 0.024; Fig. 2) .
When a cut-off value of 91 pmol/mU was used, only six patients with primary aldosteronism demonstrated an elevated ARR resulting in a sensitivity of 22.2%. Two essential hypertensive patients had a positive ARR resulting in a specificity of 98.7% (Fig. 1) . The positive predictive value (PPV) of the ARR at this cut-off was 75.0%o and the negative predictive value (NPV) was 84.8%o in our population. The positive likelihood ratio was 17.1 and the negative likelihood ratio was 0.79. Figure 3 shows the ROC curve for the ARR. The area under the curve (AUC) was 0.85 (SE 0.04, P< 0.0001). The optimal cut-off point according to Y'ouden's J statistic was an Al^R of 24.0 [95%) confidence interval (CI) 12.4-34.9] pmol/mU, resulting in a sensitivity of 70.4%) and a specificity of 83.4%) (Youcien's J index 0.54 (95% CI 0.36-0.64). However, for a screening test, a high sensitivity is the most important feature. To acliieve 95%) sensitivity, the cut-off value of the ARR should be further Journal of Hypertension www.jhypertension.coin Data presented are mean±SD or median (interquartile range). a-HT, antihypertensives; ACR, albumin-creatinine ratio; ARR, aldosterone-to-renin ratio; BB, beta-adrenergic blocker; CCB, calcium channel blocker: CVD, cardiovascular disease; DDD, defined daily dose; DM, diabetes mellitus; HT, hypertension; K', serum potassium; LVH, left ventricular hypertrophy; Na ', serum sodium; PAC, plasma aldosterone concentration; PRC, plasma renin concentration; RAS, renin-angiotensin system; TTKG, transtubuiar potassium gradiënt.
lowered to 5.6 pmol/mU at the cost of a significant decrease in specificity to 46.9% (95% CI 29.9-70.8).
Due to the study design, patients could be on any type of antihypertensive medication, with the exception of (3-adrenergic receptor biocking agents and potassiumsparing diuretics, during the SLT and this may have affected the outcome of the confirmation test. Nine patients (foLu-with essential hypertension and five with primary aldosteronism) were on 'AW^-neutral' medication when the SLT was performed. Their clinical and biochemical profile is shown in Table 2 . Of the five patients with primary aldosteronism, only one had an ARR above 91 pmol/mU. All three patients with an APA had ARR levels below this cut-off value.
The effect of medication on the aldosterone-torenin ratio
After the diagnostic phase, which included assessment of the ARR and performance of the SLT, the random antihypertensive medication was changed to a standardized medication regime consisting of doxazosine and a CCB, in most cases amiodipine. After 4-6 weeks on tliis antihypertensive regime, the ARR was repeated. Of the total population of 178 patients, this phase could be completed in 145 patients (126 patients with essential hypertension and 19 with primary aldosteronism). The main reasons for not completing this phase were that the BP was or became too high to safely change the medication and the occurrence of side effects.
After changing from random antihypertensive medication to standardized medication, a significant drop in PRC was seen for the group as a whole from 20.9 (11.7-72.1) to 12.4 (7.5-25.0) mU/1 (P<0.0001), as well as for essential hypertensive and primary aldosteronism patients separately [from 22.8 (12.2-88.5) to 13.7 (8.2-25.6) mU/1 (P< 0.0001) for essential hypertension and from 13.6 (8.6-38.7) to 6.2 (3.3-15.6) (P= 0.0002) for primary aldosteronism; Fig. 4 (Fig. 4) . The influence of the individual medication classes on the change in AI-U^ was tested in a multivariate regression model with Ln(ARRsM/ARRRM) as the dependent variable. Of the main medication groups, only RAS-blockers significantly affected the change in ARR after switching to standardized medication (Table 3) . Age had a negative association with the rise in ARR in our model. The presence of primary aldosteronism did not affect the change in AI^.^. Seami potassium had no association with the change in ARR in a univariate analysis (data not shown) and was not included in the model. Figure 5 shows the ROC curves for these 145 patients during both random antihypertensive medication and standardized medication. The AUC for both cuives was of similar magnitude [84.3% (SE 4.5%) for random antihypertensive medication versus 86.3% (SE 4.2%) for standardized ntedication (P = 0.31)1. In this subgroup, the optimal ARR cut-off according to the highest Youden's index was 15 reported. Comparing the findings of the various stLidies is confounded by factors such as differences in cut-off values, laboratory assays (PRA versus PRC), the conditions of testing and the confirmation tests used. Many studies suffer from verification bias, as usually only patients with an ARl? above the predefined cut-off value were subjected to confirmatory testing. Such an approach is likely to result in an overestimation of diagnostic performance [44] . The same probiem may occur in retrospective studies, in which patients and controls are often selected on the basis of the same diagnostic test that is the subject of evaluation. In our study, both the screening and the confirmation tests were performed prospectively in all participating patients allowing an unbiased evaluation of the diagnostic performance of the ARR. The use of antihypertensive medication is one of the most important factors to take into account when interpreting the ARR. The effects of individual antihypertensive drugs on renin and aldosterone levels have been discussed by others [28] [29] [30] 32] , but the relevance of combination treatment has been debated [35] . We show that combination treatment significantly affects the ARR and the ARR is lower during random combination antihypertensive treatment than during standardized treatment with a CCB and a-adrenergic receptor blocker. A multivariate analysis pointed out that the use of RAS blockers is responsible for the lower ARR in nonstandardized combination treatment. This is not an unexpected finding, as RAS blockers increase the PRC to a greater extent than that they lower the PAC, resulting in a higher ARR. Contrary to the decrease in PRC, PAC did not rise in primary aldosteronism after the medication change, likely reflecting the autonomy of aldosterone production in these patients. It should be noted that (3-adrenergic receptor biocking agents and potassiumsparing diuretics were ceased prior to the start of the study protocol. Therefore, no conclusion can be made regarding the contribution of these agents. However, p-adrenergic receptor biocking agents are known to lower renin levels and to increase the ARR both as monotherapy [28, 29] and as part of combination treatment [30] . With this in mind, our results are in agreement with the observations by Seifarth et al. [30] , showing that in combination treatment, both P-adrenergic receptor biocking agents and ACE-I/ ARBs have the largest influence on the ARR. Despite the observed change in NSR in our study, the AUC under the ROC curve remained unchanged, indicating that the test will perform just as well in a multidnjg setting, but that a lower cut-off value is required [36] . In theoiy, this means that combination treatment does not need to be stopped. The question, however, remains what cut-off value should be chosen under random antihypertensive treatment. The change in AI^R will be hard to predict, due to different combinations of ACE-Is, ARBs and/or beta-adrenergic blockers and variations in the prescribed doses and, for this reason, a clear-cut cut-off cannot be defined. This strongly favours a standardized approach. Many other drugs including NSAIDs [26] , certain SSRIs [27] and oral contraceptives [23] [24] [25] can influence the ARl^. The use of these drugs was not systematically recorded in this study and could have had a small effect on the test results.
For an optimal evaluation of a screening test, the gold Standard should be reliable. A limitation in our design was that the SLT was performed during a random medication regime, including diuretics and RAS blockers. The Endocrine Society guideline recommends to perform the SLT under ARR-neutral medication [16] . Although it is reasonalole to assume that antihypertensives (diuretics and RAS blockers in particular) have an effect on the outcome of the SLT, this has never been systematically studied. Our protocol reflects clinical reality where it is often more feasible and practical to continue ongoing antihypertensive treatment during confirmation testing. In our study, nine patients (five with primaiy aldosteronism and four with essential hypeitension) were on a CCB and a-adrenergic receptor blocker when the SLT was performed and their clinical profile and ARR values are reported individually. Although the generalizability of these data is limited, they suggest that even under optimal conditions, only a minority of patients with primaiy aldosteronism have an elevated AUR. Notably, three of these patients had an AI^A that would have been missed if the ARR cut-off value of 91 pmol/mU had been used.
Another point of debate is the cut-off value for a positive SLT. which was 235 pmol/1 in our study [46] . Unfortunately, the optimal SLT cut-off value has never been unequivocally defined. The guideline [l6] states that a postinfusion PAC above 277 pmol/1 (lOOpg/ml) makes the diagnosis of primaiy aldosteronism very likely and below 139 pmol/1 (50pg/ml) uniikely. A postinfusion PAC between these values is indeterminate. However, the literature on this is limited and local protocols have their own cut-off values [16] . A postinfi-ision PAC of 139 pmol/1 was shown to be the optimal cut-off by some [52, 531 , with a sensitivity of 88% compared witli the fludrocortisone suppression test (EST) [53] . On the contrary, Streeten et al. [46] found 235 pmol/1 to be the optimal cut-off with 77% sensitivity compared with the FST, akhough not all patients were subjected to the FST. Our protocol required a single cut-off value and, although arbitrary, in our view, the chosen cut-off provides a fair compromise of all available data and has been used by others [14, 46, 50] . When a postinfusion I^AC cut-off of 277 pmol/1 had been used, the prevalence of primary aldosteronism would have been 12.4% in our population. Six primaiy aldosteronism patients and two essential hypertensive patients would have had an AKR above 91 pmol/mU resulting in a sensitivity of 27.3%) and a specificity of 98.7%. Therefore, a more stringent criterion for the SLT would not have altered the outcome of the study significantly.
Many of our primary aldosteronism patients had a normal ARI^ because their PRC was not or only marginally suppressed. This can be explained in part by medication use, but even under standardized conditions, many of these patients had relatively high PRC levels. Therefore, additional explanations for these higher than expected PRC levels need to be considered. In our study, the ARl^ was based on PRC and not on P1?A. Many of the earlier studies reporting on the Aiy.^ have used the PRA. The assessment of the PRA has disadvantages, being time-consuming, dependent on endogenous angiotensinogen levels and difficult to standardize [54] . Use of the PRC allows for standardization of the test procedure and comparison with international reference values. Studies have shown that this can be a reasonable alternative for the PRA [55] [56] [57] [58] , although the PRC may be less sensitive in the very low range [54, 58] . The assay used here has a detection limit of 2.02 mU/1, which should enable detection of suppressed levels of PRC. Cryoactivation of prorenin (allowing its detection in a renin assay) can be a cause for falsely elevated PRC levels [591, particularly at low PRC levels. Incubation of samples at 37°C (such as during a Pl^ measurement) facilitates the retLirn of prorenin to its closed, inactive confonnation so that it can no longer display activity nor will be detected in a renin assay. Theoretically therefore, ciyoactivation is expected to affect PRA to a lesser degree than PRC. Neveitheless, in our samples, PRC levels were only rarely close to the detection limit of the assay (Fig. IA) . Moreover, to prevent prorenin ciyoactivation, samples were always processed at room temperature and the plasma was rapidly frozen until analysis. Furthermore, all PRC as well as PAC measurements were performed in one laboratory with extensive experience in perfomiing these measurements.
Salt intake is a strong determinant of RAS activity and low salt intake can lead to a marked rise in renin [60] . Altiiough salt intake was not actively controlled for, it was generally high in our population, and tlierefore, it is highly uniikely that the sometimes high PRC values can be explained by a low salt intake. It has also been suggested that the diagnosis of primary aldosteronism can lie masked if hypertensive kidney damage is present, manifested by renal arteriolosclerosis Ieading to a rise in renin levels [61] . We selected patients with a relatively normal creatinine clearance to exclude the possibility of hypeitension caused by renal disease. Nonetheless, subclinical renal damage may have contributed to the relatively high PRC levels in some of our primaiy aldosteronism patients.
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Another factor to take into account is serum potassium levels. Potassium by itself can stimulate aldosterone secretion, u^hereas hypokalemia can inhibit aldosterone secretion, Ieading to lower PAC levels [22] . Failure to correct hypokalemia can therefore lead to falsely low Al^^ levels and an underdiagnosis of primaiy aldosteronism. Although we aimed to correct hypokalemia as much as possible, this was not successful in all patients. Twelve out of 27 primaiy aldosteronism patients had a seram potassium level below 3.5 mmol/l and three patients below 3.0 mmol/l at the time of the first ARR measurement. To correct hypokalemia completely in patients with severe primaiy aldosteronism can be a challenge. As aldosterone production is largely autonomous in primary aldosteronism, it may be questioned whether hypokalemia will affect PAC to an extent that is clinically relevant. Indeed, Tanabe et al. [451 observed an inverse relation between I^AC and seram potassium concentration in primaiy aldosteronism, supporting the concept that serum potassium levels are determined by PAC in primaiy aldosteronism ancl not the other way around.
The question remains whether an elevated ARR is a good reflection of (relatively) autonomous aldosterone production. Montori et al. [32] showed that the AI^R is mainly driven by renin and is therefore not a good indicator of inappropriately elevated aldosterone levels in relation to renin. On the contraiy, it is debatable whether suppressed renin levels are a prerequisite for the diagnosis of primaiy aldosteronism. Previous studies, supported by the present findings, have shown that a significant number of primaiy aldosteronism patients have nonsuppressed renin levels even in the presence of an APA [62, 631 . In addition to the various possibilities mentioned above, this may loe related to individual differences in sensitivity and thresholds for RAS activation. Furthermore, the clinical picture of primary aldosteronism encompasses a broad spectrtim with mild biochemical abnormalities on the low end and a florid phenotype with high aldosterone and markedly suppressed renin levels on the high end. This study confirms that primaiy aldosteronism patients with an APA on average have lower PRC and higher ARR values than patients without evidence of an AI^A on the CT-scan.
Another important consideration is test reproducibility. PRC, PAC and ARR are known to be subject to significant diurnal variations [18] . Sampling at a standardized time helps reducing variability in ARR levels [17] . Blood sampling was performed mid-morning in accordance with recommendations [16] . Nonetheless, day-to-day variations can be considerable with negative effects on reproducibility [45, 64] . Our data show that Alül levels can display an almost five-fold difference when determined under the same conditions. The implication of this is that a single negative test cannot sufficiently iule out primary aldosteronism, although it remains to be detemiined how many tests are needed.
In conclusion, primaiy aldosteronism is the most prevalent cause of secondaiy hypertension, but establishment of this diagnosis can be challenging. The ARR is the Standard screening test for primaiy aldosteronism, but our data show that its sensitivity is poor when the recommended cut-off value is used even under a standardized medication regime. Overall, test performance does not improve under a standardized treatment regime but requires a different cut-off value. Reproducibility is also low, stressing the need for multiple tests to establish the diagnosis. Despite these difficulties in screening, it remains clinically important to identify patients with primaiy aldosteronism, especially with surgically correctable forms. It is recommended to proceed quickly to a confirmation test when clinical suspicion is high.
